INTRODUCTION
The deposition of natural manure in the soil can transfer pathogenic microorganisms to the food chain (NICHOLSON et al., 2005) and contaminate water resources (AVERY et al., 2004) , since cattle manure may contain more than 150 pathogens that could endanger human, animal, and environmental health (GERBA; SMITH, 2005) .
Escherichia coli, which is ubiquitous in the environment, is considered a global indicator of fecal pollution. Some strains have acquired genes that make them capable of causing intestinal or extraintestinal diseases; for example, Shiga-toxigenic Branco et al. E. coli (STEC) strains, which produce at least one type of shigatoxin (stx 1 orstx 2 ) (KAPER et al., 2004; GYLES; FAIRBROTHER, 2010) . Ruminants, especially cattle, are important reservoirs of these microorganisms. The occurrence of STEC in Brazil was reviewed by Caldorin et al. (2013) , who observed a variation of 5.2-82% in feces from dairy cattle.
In addition to the environmental benefits caused by reducing the emission of greenhouse gases (ORZI et al., 2010) , the use of anaerobic biodigestion for the treatment of animal manure has been a great ally in reducing the impact generated by pathogenic microorganisms (SAHLSTRÖM et al., 2008) .
With the objectives of maximizing the production of biogas (ORRICO et al., 2016; XAVIER et al., 2016) and also decreasing the retention time of substrates (ORRICO et al., 2016) , some authors have investigated the codigestion and the association of manures with other residues, such as sugarcane juice (XAVIER et al., 2016) .
Conversely, sugarcane juice provides a more acidic medium, which may favor the inactivation of bacteria (SUNG; LIU, 2003) . According to Sung and Liu (2003) , Sahlström (2003) , and Kunte et al. (2004) , high concentrations of VA combined with an acidic pH are responsible for the reduction of pathogens in the mesophilic biodigestion process.
The objective of the study was to evaluate the effects of the addition of sugarcane juice on the dynamics of Escherichia coli population and the presence of STEC strains in dairy cow manure being processed by anaerobic codigestion.
MATERIALS AND METHODS
For this study, batch biodigesters with an approximate capacity for 2L of fermentation substrate were used, with a hydraulic retention time (HRT) of 90 days. The ten biodigesters were divided into two treatments of five replicates each, designated manure without sugarcane juice (MW) and manure with sugarcane juice (MSC). Samples were taken from both manures at the end of the HRT (T 90 ) to perform all analyses.
To follow the dynamics of the E. coli population, the presence of STEC, and the pH and volatile acidity from T 10 to T 80 , 36 batch biodigesters were produced on a smaller scale, using plastic bottles with a volume of 1L. Thus, at every ten days, two new bottles were used for the analyses, totaling 18 batch units for each treatment.
The substrates were prepared to contain 6% of total solids (TS) and 7% of sugarcane juice. (APHA, 2001) . According to the criterion described by Sutton (2011) , if no colony was detected on the plate, then the count was considered to be lower than the detection limit of the technique and the respective HRT was considered as the survival time of E. coli. In the present study, the limit of detection was 10 2 CFU mL -1 . The identification of STEC was performed in duplicate for each sample. The presence of stx 1 , stx 2 , and eae genes was determined by the polymerase chain reaction (PCR), using specific oligonucleotide primers (CHINA et al., 1996) .
DNA extraction from total bacterial cultures in Brain Heart Infusion broth was performed by thermal lysis, by heating the cell suspension to 100°C. The amplification reaction mixture for each gene was composed of 1× buffer (20mM Tris-HCl, pH 8.4, and 50mM KCl), 2mM MgCl 2 , 0,2mM dNTPs, 1U of Taq DNA polymerase, 5pmol of each primer, 2µL of genomic DNA, and sterile pure water to make up a 20µL volume. The reactions were carried out in a thermocycler, programmed as follows: 95°C for 3 min; 35 cycles of 94°C for 30s, 55°C for 30s, and 72°C for 30s; and a final cycle of 72°C for 10min. The DNA of E. coli strain EcL 6611 was used as a positive control, whereas the negative control was a reagent mix tube without DNA. The PCR products were visualized by 1% agarose gel electrophoresis in 1× TBE buffer (89mM Tris, 89mMboric acid, and 2.5mM EDTA).
The pH readings of the affluents and effluents of the biodigestion systems were determined according to the method described by the APHA (2012) . Volatile acid determination was performed by titration, as described by Dilallo and Albertson (1961) .
Before statistical analysis, the data were analyzed by the Shapiro-Wilks normality test. If normal, a parametric test was used, and if not, a nonparametric test was used. The variation of the E. coli population over time was compared by linear regression analysis. For comparison of the pH values in the MW and MSC treatments, the Wilcoxon test was used. For the concentrations of volatile acids, the paired t-test for comparison of averages was performed (SIQUEIRA; TIBÚRCIO, 2011).
RESULTS AND DISCUSSION
The survival time of E. coli in the sugarcane juice treated biodigester was 20 days. In the MW biodigester, no E. coli colonies were observed at 60, 70, and 80 days. However, this microorganism was detected again within 90 days of the biodigestion process although in a smaller number than that at the start of the treatment (Table 1) .
The absence of E. coli in the treated biodigesters may have been due to the limit of detection of the technique, or to stress caused to the microorganism during biodigestion that led to it being non-cultivable. Under certain conditions, the microorganism could recover and be detected again (HIGGINS et al., 2007) .
The decrease in the E. coli population over time was significant for both MW (P<0.01) and MSC (P<0.05) treatments (Table 1) . It is worth mentioning that the 3 log reduction obtained at 60 and 20 days of HRT in the MW and MSC biodigesters, respectively (Table 1) , is important in order to minimize the risk of dissemination of soil pathogens if the effluent is used as a biofertilizer (HUTCHISON et al., 2004) .
The reduction of E. coli populations in this study was greater than that reported by Lang and Smith (2008) , who obtained a 1-2 log decrease from the anaerobic mesophilic digestion of a sewage sample. Pandey and Soupir (2011) and Manyi-Loh et al. (2014) obtained E. coli population decreases of 1log after 7-8 days and 1-2 log after 62 days, respectively, in the anaerobic mesophilic biodigestion of dairy cattle feces.
The bacterial colonies from the MW and MSC affluent showed amplification of stx 2 and eae genes. In the MW biodigester, STEC was detected in the effluent for up to 40 days, but was only detected in the affluent of the MSC system. In both types of biodigesters, colonies from the STEC group were not detected after 90 days (Figure 1 ).
In the MSC biodigester, the time taken to inactivate STEC was shorter than that taken to reduce the E. coli population ( Table 1 ), indicating that commensal E. coli remained active for a longer period. Gonçalves and Marin (2007) also verified the longer survival of E. coli (120 days) than of STEC (4-30 days) in the anaerobic treatment of dairy cattle manure. Kudva et al. (1998) showed that, at 23°C, a negative toxin strain of E. coli O157:H7 survived longer than the positive toxin strain. Van Elsas et al. (2011) stated that this difference in survival time may be related to the fact that pathogenic E. coli strains require more energy to produce toxins, which compromises their survival capacity.
Whereas Andrade et al. (2012) have shown a higher expression of gene stx 1 than of stx 2 in dairy calves in Minas Gerais State, the same was not verified by Carvalho et al. (2012) , Vicente et al. (2010) , and Irino et al. (2005) , who observed the opposite gene expression trend in dairy cattle manure. These latter studies corroborate the results of our present study, where the presence of gene stx 1 was not detected in both biodigester treatments. STEC survive for considerable periods in animal feces and can thus contaminate the soil. Fukushima et al. (1999) and Duffy (2003) have verified the long survival periods of serotypes O157:H7 (49-126 days) and O26:H11 (112 days) and serogroup O111 (70 days). By reaching the soil, these microorganisms can be viable for a period sufficient to contaminate food and water. Mukherjee et al. (2006) observed the survival of this microorganism for more than 92 days in garden soil, and Islam et al. (2004) verified a viability of 154-217 days in cultivated soils, both contaminated by animal feces.
Thus, anaerobic digestion represents an important tool for sanitizing effluents, as it is an ecological strategy, can significantly reduce pathogenic E. coli, is not expensive, and is easily applicable in rural areas (FREMAUX et al., 2008) .
With regard to the VA and pH, significant differences were obtained (P<0.01 and P<0.05, respectively) between the MW and MSC treatments (Table 1) , with the changes in the sugarcane juiceadded process contributing to the rapid inactivation of E. coli. The pH variation in the effluents during the biodigestion process ranged from 5.35 to 6.91 and from 4.59 to 6.07 in the MW and MSC treatments, respectively (Table 1 and Figure 2) .
For the MW treatment, the lowest pH values were obtained for up to 20 days, increasing over time, indicating that although many acids were formed, they were consumed throughout the process. All the pH values obtained were within the ideal range, which varies from 6.6 to 7.4 for anaerobic digestion, as described by Chernicharo (1997) . However, in the MSC system, the values varied below this range, from 4.59 to 6.07 (Table 1 and Figure 2) .
The volatile acidity of the effluents from the MW batch biodigesters ranged from 1200 to 4416mg·L -1 . For the MSC systems, an increase in the acidity of the medium was also observed, varying between 2712 and 8424mg·L -1 (Table 1 and Figure 3 ). After 10 days of operation, it was evident that the high acidity of the ) in the biodigester containing manure and water (MW) and the biodigester containing manure, water, and sugarcane juice (MSC), during the 90 days biodigestion period. Branco et al. medium in the biodigesters containing sugarcane juice had a direct influence on the inactivation of the bacteria. Abdul and Lloyd (1985) suggested that volatile acidity is an important factor for reducing pathogenic microorganisms during the process of anaerobic biodigestion. According to Henry et al. (1983) , the toxicity of VA toward bacteria varies with the medium pH, where that toward Salmonella typhimurium was much greater at pH 4.0 than at pH 5.0 or higher.
Although, sugarcane juice can be used as a substrate in biodigesters with the main objective of increasing CH 4 production, it could in practice lead to the rapid formation of acids and an abrupt reduction of pH due to the supply of readily soluble carbohydrates (XAVIER et al., 2016) creating toxic conditions for different microorganisms (SAHLSTRÖM, 2003; KUNTE et al., 2004) .
Thus, the acidity of the medium is an important factor in the reduction of pathogenic microorganisms in substrates undergoing biodigestion. According to Strauch (1986) , 90% of the reduction in Salmonella spp. was due to the decrease in the medium pH, with the drop being influenced by the acids produced by the microorganisms involved in the biodigestion process, which have a toxic effect on Salmonella. The author also pointed out that ammonia was not responsible for the decrease in the bacteria, because it is formed in medium with a pH between 8.0 and 9.0.
Thus, it is clear that the addition of sugarcane juice can positively influence the sanitation of excreta. In addition, this codigestion allows the restricted use of the biofertilizer in less time and with less risk to public, animal, and environmental health, when compared with the treatment without addition of the sugarcane juice.
It is worth emphasizing the need for this by-product (i.e., the biofertilizer) to meet the criteria established (since 2006) for its production, import, and marketing according to Normative Instruction SDA No.27, which limits the maximum number of thermotolerant coliforms to 1000MPN·g -1 of DM. The results of the MSC treatment were within the established criteria, which was not observed for the MW treatment.
CONCLUSION
The codigestion of dairy cattle manure with 7% of sugarcane juice produced very interesting results, suggesting the successful sanitization of the by-product in accordance with the established criteria for biofertilizers. Thus, the reduction of the E. coli population and inactivation of STEC (stx 2 and eae) make the product feasible for use in the form of a fertilizer.
